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Abstract: In this paper an experimental device was designed, composed of: one oak species (Quercus 
petraea), one provenance, 4 types of explants (developmental stages of the zygotic embryo) and 4 variants of 
culture medium.  
They were analyzed the factors who affecting the embryo induction efficiency, as well as other specific reactions 
of explants in culture (callogenesis, rhyzogenesis and germination) and of the relationship among these factors 
acting simultaneously.  
It was released the two-way statistical analyses of the factors affecting the embryo induction efficiency and the 
other specific reactions, and the establishment of the correlations values between these factors. 
 
INTRODUCTION 
 
The in vitro clonal propagation in oaks is an important step in the breeding activity 
using clonal strategies, and in the same time a tool for the application of somaclonal selection 
procedures in the improvement of adaptability traits. 
The use of somatic embryogenesis in oak clonal micropropagation is preferable in the 
applications concerning somaclonal variation and selection, because the plants regenerated 
from somatic embryos usually have monocellular origin and consist in clones of long-term 
culture, submitted of in vitro selection procedures. 
The somatic embryogenesis is an advanced method for clonal propagation and a useful tool for 
ex situ conservation of genetic resources 
Generally, the somatic embryogenesis can be considered an efficient mean of clonal 
propagation, when the following conditions are accomplished: 
- the stable embryogenic cultures constantly produce a big amount of somatic 
embryos 
- the embryogenic ability of such cultures can be maintained for long time by 
serial adventitious embryogenesis  
- the somatic embryos can be efficiently converted into acclimatable plants. 
The somatic embryogenesis in oak, as an alternative to propagation by cuttings, 
provides the possibility of mass production of cotyledonary embryos that can be either 
cryopreserved, or maintained by long-term culture as stable embryogenic somaclones 
(WILHELM et. al., 1996, 2000). 
Somatic embryos are clonal material compared with zygotic embryos. It is essential to 
verify the clonal fidelity and field performance of somatic embryo-derived plants to ensure 
that somatic embryogenesis for each particular species is not causing aberrations. In general, 
culture method and environment, genotype, ploidy level and in vitro culture age are known to 
be associated with the occurrence of somaclonal variation.  
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The purpose and the objectives of this paper are: 
- The investigation of factors affecting the embryo induction efficiency, as well as 
other specific reactions of explants in culture (callogenesis, rhyzogenesis and germination) 
and of the relationship among these factors acting simultaneously. 
- Two-way statistical analyses of the factors affecting the embryo induction efficiency 
and the other specific reactions, and the establishment of the correlations values between 
these factors. 
 
MATERIALS AND METHODS 
 
An experimental device was designed, composed of one oak species (Quercus petraea), 
one provenance, 4 types of explants (developmental stages of the zygotic embryo) and 4 
variants of culture medium. 
Plant material:  
As a genetical background, the plant material was represented by one provenance Q. 
petraea, 
The immature acorns harvested at 4 different dates were dissected and used as sources 
of explants. The explants were represented by immature zygotic embryos in different 
developmental stages or fragments of more advanced embryos. The developmental stages of 
zygotic embryos have been defined and correlated with the morphological characteristics of 
acorns. (PALADA-NICOLAU, HAUSMAN, 2001) 
Culture medium  
 Four media were tested for the induction of embryogenesis, representing combinations 
between two nutrient recipes (1/2 MS – MURASHIGE, SKOOG, 1962) and DCR (GUPTA, 
DURZAN, 1985) and two combinations of growth regulators: 
QE1: 1/2MS with 10µM/l 2,4-D and 2µM/l BAP 
QE2: 1/2MS with 5µM/l NAA - 5µM/l BAP  
QE3: DCR with 10µM/l 2,4-D and 2µM/l BAP 
QE4: DCR with 5µM/l NAA - 5µM/l BAP 
After two subcultures on this medium, a hormone-free ½ MS medium was used for the 
proliferation of embryogenic structures. 
The protocol 
1. Sterilisation of immature acorns by immersion for 10 min. in solution of HgCl2 0,2 %, 
followed by abundant rinsing in sterile distilled water; 
2. Dissection of acorns in aseptic conditions, isolation of embryos and inoculation on agar 
solidified culture medium. Petri dishes (∅ = 10 cm) containing cca. 25 ml medium were used. 
Five explants were deposed in each Petri dish. 
In the case of the more advanced embryos (stages 3b and 4) around ¾ of the cotyledons were 
removed, and the embryo with the basal part of cotyledons was planted on the culture 
medium. 
3. The cultures were incubated at cca. 22oC in darkness. The duration of subcultures ranged 
between 21 and 30 days. 
4. The observations were made at the end of first two subcultures. All reactions of the 
explant to the culture conditions (embryogenesis, callogenesis, rhyzogenesis and germination) 
were recorded. If necessary, a binocular stereomicroscope was used. 
Structure of the experiment 
4 developmental stages of explants (4 explant types): stages 1, 2, 3 and 4 (S1, S2, S3, S4) 
4 culture media (M1, M2, M3, M4), represented by: 
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2 variants of nutritive medium: ½ MS (Murashige-Skoog, 1962) and DCR.( 
Gupta, Durzan, 1985) 
2 variants of growth regulator combinations, for each nutritive medium 
In order to establish the effect of culture medium upon the efficiency of somatic embryo 
induction, comparisons were made between nutritive media (QE1 + QE2, versus QE3 + 
QE4), on one hand, and between the two combinations of growth regulators (QE1 + QE3, 
versus QE2 + QE4), on the other hand. 
Three replications consisting of ten explants have been counted for each parameter.  
Statistical analyses 
In order to validate the results of the oak somatic embryogenesis experiments, in which 
the main parameters were explant stages and culture media, statistical analyses were made, 
using two ways ANOVA, in randomized blocks design was used, for experiments in three 
replications. 
The results have been presented as bilateral analysis tables, exclusively for the 
experimental factors and interactions found in ANOVA table having the test F significant. 
Because some experimental data had values “0”, the transformation 1' += xx  was 
used, all calculations being performed with transformed values (ARDELEAN et col., 2005). 
All the results were reported to the number of viable explants. 
The statistical validation of the differences among the experimental variants was made 
by the multiple range test Duncan or Turkey. These tests allowed the objective comparison of 
all differences between every two variants. 
Bi-factorial experiments: 
a. The effect of stage of explant and culture medium upon the embryo induction 
efficiency in Quercus petraea 
- 4 stages x 2 nutritive medium (M1, M2) 
Table 1  
The effect of stage of explant upon the embryo induction efficiency 
The stage of explant The average on stage The signification of difference* 
S1 0.830 A 
S2 0.592 B 
S3 0.444 C 
S4 0.309 D 
*Means followed by the same letters are not significantly different 
DS 5% for stage: 0,112-0,121. 
- 4 stages x 2 combinations of growth regulators (M3, M4) 
Table 2 
 The effect of stage of explant a upon the embryo induction efficiency 
The stage of explant The average on stage The signification of difference* 
S1 0.798 A 
S2 0.587 B 
S3 0.400 C 
S4 0.313 C 
*Means followed by the same letters are not significantly different 
DS 5% for stage: 0,148-0,160. 
- 4 stages x 2 combinations (the average of medium M1,M2 and the average of medium M3, 
M4) 
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Table 3 
 The effect of stage of explant upon the embryo induction efficiency 
The stage of explant The average on stage The signification of difference* 
S1 0.814 A 
S2 0.589 B 
S3 0.422 C 
S4 0.311 D 
*Means followed by the same letters are not significantly different 
DS 5% for stage: 0,085-0,093. 
b. The effect of stage of explant and culture medium upon the germination in Quercus 
petraea 
- 4 stages x 2 nutritive medium (M1, M2) 
Table 4 
The effect of stage of explant upon the germination 
The stage of explant The average on stage The signification of difference* 
S1 0.355 A 
S2 0.493 B 
S3 0.608 BC 
S4 0.853 C 
*Means followed by the same letters are not significantly different 
DS 5% for stage: 0,117-0,126. 
 
- 4 stages x 2 combinations of growth regulators (M3, M4) 
Table 5 
 The effect of stage of explant upon the germination 
The stage of explant The average on stage The signification of difference* 
S1 0.356 A 
S2 0.507 B 
S3 0.629 C 
S4 0.944 D 
*Means followed by the same letters are not significantly different 
DS 5% for stage: 0,089-0,096. 
 
- 4 stages x 2 combinations (the average of medium M1,M2 and the average of medium M3, 
M4) 
Table 6 
 The effect of stage of explant upon the germination 
The stage of explant The average on stage The signification of difference* 
S1 0.356 A 
S2 0.500 B 
S3 0.618 C 
S4 0.899 D 
*Means followed by the same letters are not significantly different 
DS 5% for stage: 0,052-0,057. 
 
c. The effect of stage of explant and culture medium upon the rhyzogenesis in Quercus 
petraea 
The culture medium and the stage of explant have not a significant action upon the 
germination.  The interaction of these two factors is not significantly upon the germination.  
 
d. The effect of stage of explant and culture medium upon the callogenesis in Quercus 
petraea 
- 4 stages x 2 nutritive medium (M1, M2) 
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Table 7 
 The effect of stage of explant upon the callogenesis 
The stage of explant The average on stage The signification of difference* 
S1 0.620 A 
S2 0.498 AB 
S3 0.393 BC 
S4 0.330 C 
*Means followed by the same letters are not significantly different 
DS 5% for stage: 0,141-0,152. 
 
- 4 stages x 2 combinations of growth regulators (M3, M4) 
Table 8 
 The effect of stage of explant upon the callogenesis 
The stage of explant The average on stage The signification of difference* 
S1 0.644 A 
S2 0.521 B 
S3 0.425 BC 
S4 0.313 C 
*Means followed by the same letters are not significantly different 
DS 5% for stage: 0,111-0,119. 
 
- 4 stages x 2 combinations (the average of medium M1, M2 and the average of medium M3, 
M4) 
Table 9 
 The effect of stage of explant upon the callogenesis 
The stage of explant The average on stage The signification of difference* 
S1 0.632 A 
S2 0.509 B 
S3 0.409 C 
S4 0.321 D 
*Means followed by the same letters are not significantly different 
DS 5% for stage: 0,070-0,076. 
Correlations coefficients for all 48 pairs of values were calculated, for the ten 
combinations of the characters. The significance of the results was done for P5% and P1% 
(Table 10). 
 Table 10  
Simple correlation coefficients among the various characters studied in Quercus petraea 
The character 
 
The 
viability of 
explants 
The 
germination 
The 
rhyzogenesis 
The 
callogenesis The embryogenesis 
The viability of 
explants - 0,63** 0,52** -0,52** -0,65** 
The germination - - 0,42** -0,68** -0,82** 
The rhyzogenesis - - - -0,39** -0,38** 
The callogenesis - - - - 0,64** 
The 
embryogenesis - - - - - 
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CONCLUSIONS 
 
All records concerning the efficiency of somatic embryo induction and the frequency of 
other reaction of the explants were reported only to the viable explants. 
The embryo induction efficiency ranged between 44 % and 10 % in Q. petraea. 
The most important factor affecting the embryo induction efficiency was the 
developmental stage of the zygotic embryo used as explant. The best results were obtained 
with the youngest embryos (stage 1), with a linear decrement towards the stage 4. 
The effect of culture medium proved to be totally insignificant, besides the differences 
observed among the variants cultivated on different media. The situation was the same as well 
for the nutrients as for growth regulators. 
All of the correlations are highly significant between all the five characters, positives or 
negatives. 
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